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Gold Nanorod-Mediated Photothermolysis Induces 
Apoptosis to Macrophages via Damage of Mitochondria
Ling Tong, Department of Chemistry; Ji-Xin Cheng , Department of Chemistry, Weldon School of Biomedical Engineering, Purdue University
Abstract Mechanism of apoptosis and necrosis
Alterations in macrophage functions contribute to a variety of autoimmune and
inflammatory diseases. Diagnosis and eradication of activated macrophages is
becoming a valid pharmaceutical target. In this work, gold nanorods conjugated with
arginine-rich peptides were applied as theragnosis agents to detect activated
In vivo uptake of R8-NRs in macrophages
Activated macrophages 
were elicited by i p injection
4 days 0.5 h
0.5 h after i.p.injection of 
R8-NRs, peritoneal 
macrophages were 
















.)a. control b. apoptosis c. necrosis d
1) Necrosis — plasma membrane integrity compromise & Ca2+ influx
Gold nanorod as a theragnosis agent
macrophages via two-photon luminescence (TPL) and subsequent eradicate through
optical hyperthermia. Functionalized gold nanorods could be selectively internalized by
activated macrophages in vitro and live animals. Apoptosis of macrophage was induced
by controlling laser irradiation to reduce secondary inflammation, through intracellular
damage and mitochondria-dependent pathway.
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a. F4/80 antibody b. R8-NRs
(a) Confocal fluorescence image of 
Tri-color conjugated F4/80 antibody 
(blue) labeled macrophages. (b) 
TPL image of R8-NRs (red) in 
macrophages. Only F4/80+
macrophages had R8-NRs 
labelling. (c) Statistical analysis of 
intracellular TPL intensity of R8-
NRs in 50 macrophages randomly 



















ca. w/o NR b. w/ NR
2) Apoptosis — mitochondria damage (a-c) Decrease of mitochondrial 
membrane potential. Mitochondria were 
labeled by Mito Tracker Red CMXRos. 
Apoptotic macrophages were indicated by 
Alexa Fluor 488 annexin V (green). (a) 
Macrophages without R8-NRs did not
Examination of plasma membrane integrity and Ca2+ influx (indicated by Oregon Green BAPTA2). (a) control: macrophages 
after irradiation at 2.18 W/cm2 (b) apoptosis: NR internalized macrophages after irradiation at 2.18 W/cm2 (c) necrosis: NR 
internalized macrophages after irradiation at 4.36 W/cm2.  Necrosis was indicated by PI (red). Length bar = 10 μm.
Controllable apoptosis and necrosis
(a) Necrosis of R8-NR internalized 
macrophages induced by irradiation at 4.36 
W/cm2, indicated by Alexa Fluor 488 annexin 
V (green) and PI (red). (b) Apoptosis of R8-
NR internalized macrophages induced at
































Two-photon luminescence (TPL) in vivo in vitro
0
T
experiments within 0.5 h 
incubation. Length Bar = 10 μm.



















before afterd w/ NR
     
undergo apoptosis and were strongly 
labeled with Mito Tracker Red. (b) R8-NR 
internalized macrophages were apoptotic 
(green) and the labeling of Mito Tracker 
Red significantly reduced. (c) Fluorescent 
intensity of intracellular Mito Tracker Red 
dropped 70% in R8-NR internalized 
macrophages and 16.8% in macrophages 
without NRs. (d) Mitochondria swelling 
(labeled with Mito Tracker Green FM) 
after laser irradiation. Length bar = 10 µm. 
(e-f) TEM images before and after laser 
irradiation (285000X) also indicated     
2.18 W/cm2, indicated by Alexa Fluor 488 
annexin V (green). (c) Negative control. 
Macrophages without R8-NRs did not enter 
apoptosis under the same condition with (b). 
Length bar = 10 μm. (d) Percentage of 
apoptosis and necrosis at different laser 
powers (mW). (f) MTT assay result. Normal: 
macrophages without NR and laser 
irradiation. w/NR: NR internalized 
macrophages irradiated at 2.18 W/cm2. w/o 
NR: macrophage irradiated at 2.18 W/cm2.














 NR @ λ= 792 nm
 NR @  λ= 842 nm
 NR @ λ= 742 nm














































a. apoptosis b. w/o NR
3) Apoptosis — reactive oxygen species (ROS) release
    
mitochondria swelling. M: mitochondria. 
N: nucleus. 
ROS over-production during nanorod-mediated 
photothermolysis, marked by ROS indicator (carboxy-
H2DCFDA (Green) . (a) ROS was detected (green) in 
apoptotic macrophages with NRs after irradiation  at 2.18 
W/cm2 for 15 min. (b) No ROS was detected in 
macrophages without NRs at the same condition. Length 
bar = 10 µm.
Summary and Future work
• Being involved in autoimmune and inflammatory diseases, macrophages become a pharmaceutical 
target. 
• Conjugated with octaarginine peptides, gold nanorods could be efficiently internalized by primary 
activated macrophages in vitro and in live animals, and induce necrosis or apoptosis to macrophages by 
controlling laser irradiation condition
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In vitro uptake of R8-NRs in macrophages
(a) Structure of cysteine-
octaarginine conjugated gold 
nanorod (R8-NR). (b) After 3 
h incubation at 37 °C, R8-
NRs (red) were efficiently 
internalized in primary 
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• Necrosis was induced by disruption of plasma membrane and subsequent Ca2+ influx. Apoptosis was 
induced by intracellular interruption and mitochondria damage.
• This work provides a potential method to treat macrophages related diseases, such as atherosclerosis, 
arthritis. Further study using functionalized gold nanorods to target and remove macrophages in vivo will 
be investigated in two animal models (atherosclerosis and arthritis). In vivo toxicity of gold nanorods will 
be studied in animals as well.
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Only a few mPEG-NRs 
entered activated 
macrophages. (d) Only a few 
R8-NRs entered KB cells. 
Legnth Bar = 10 μm. (e) TEM 
image (285000X) of R8-NRs 
inside a macrophage. N: 
nucleus.
c. mPEG-NRs, 3h d. KB, R8-NRs, 3h
N
e
